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Introduction
Polyacrylamides are characterised mainly by their molecular weight, molecular 23 configuration, type of charge, and charge density. Barvenik (1994) proposed a 24 classification of polyacrylamides according to their molecular weight (MW). polyacrylamide-soil interactions and these are reviewed by Letey (1994) and Levy and 34 Ben-Hur (1997).
35 36
The objective of this study was to test, under laboratory conditions, the 37 effectiveness of a range of polyacrylamides, gypsum, and their combination in reducing 38 the turbidity of water in a sodic soil and to test the effect of selected treatments on water 39 infiltration rate through the soil.
41

Materials and methods
Vertosol (Isbell 1996) ] from two rice paddocks located at 30 km in the north-west Table 1 The polyacrylamides used in these studies were water soluble and consisted of 15 linear type structural configuration. They are characterised mainly by their physical 16 form, molecular weight, type of charge, and charge density, as shown in Table 2 . 17 Active polyacrylamide concentration of dry, inverse emulsion, and solution forms were 18 95, 42, and 20%, respectively. Consequently, the application rate of inverse emulsion 19 and solution forms were adjusted, based on their active polyacrylamide concentrations, 20 to represent the rate of the dry form. The dry form polyacrylamide granules (2.5 g) 21 were agitated gently in deionised water (500 mL) until fully dissolved in solution. 22 These stock solutions were diluted in deionised water to the required concentrations to 23 treat the soil. Table 2 Analytical grade calcium sulphate (CaSO 4 ) was used to represent gypsum 30 treatments and the rate of application was based on an average content of 85% of CaSO 4 31 in commercial gypsum. Gypsum was applied to the soil by sprinkling the required 32 amount on to the soil surface evenly to simulate conventional method of field 33 application.
35
Turbidity experiments 36 37 For turbidity experiments, a 100 g soil sample was placed in a 400 mL glass jar 38 with a plastic straw positioned in the middle extending from the bottom to the top of the 39 jar. The use of straw minimised soil disturbance due to escaping air bubbles while the 40 soil was being saturated and enabled the soil to become saturated without much air 41 trapped. Two methods of polyacrylamide application were tested. As a 'split method' minutes. Both methods of application produced a solution that was 8.5 cm deep over 48 the soil surface. In order to minimise soil disturbance, the solutions were poured on to a 1 hand-held disk above the soil surface. After 24 hours, the suspension was gently mixed 2 for a fixed time interval using an electric motor to ensure the uniformity of clay 3 particles in the suspension. The jars were allowed to stand for 30 seconds after the 4 completion of the mixing and three 25 mL of aliquots were taken from the suspension 5 for turbidity measurements. Three turbidity measurements were made on each aliquot, 6 in nephelometric turbidity units (NTU), using a Hach ™ turbidimeter.
The rates of application of polyacrylamides and gypsum (in kg/ha or t/ha) were 9 calculated based on the soil surface area (30.2 cm 2 ) in the glass jar for the turbidity 10 experiments.
12
Turbidity experiment 1. Turbidity experiment 2. The objective of this experiment was to verify the 23 results of the turbidity experiment 1 using lower rates of polyacrylamides and gypsum.
24
Four anionic polyacrylamides (7-10 in Table 2 ) at 3 rates (0, 2.5 and 5 kg/ha) and 25 gypsum at 7 rates (0, 25, 50, 75, 150 , 300 and 600 kg/ha) were used to treat the soil.
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However, gypsum at the rate of 75 kg/ha was used when it was combined with each 27 polyacrylamide treatment. (Insert Table 4 here)
The results from turbidity experiment 2 indicated that all treatments reduced 6 turbidity significantly (P<0.001) below that of the control (252 NTU) (Fig. 1 ).
7
Furthermore these treatments kept the turbidity levels below the threshold level (170 8 NTU, cited by Humphreys and Barrs 1998) required to facilitate rice seedling 9 establishment. AN956BPM at the rate of 5 kg/ha appears as the most effective 10 polyacrylamide treatment, which reduced turbidity to the same level as the lowest rate 11 (25 kg/ha) of gypsum. Consequently, AN956BPM at the rate of 5 kg/ha was used in a 12 subsequent infiltration experiment 1. As expected, increasing levels of gypsum 13 applications were associated with decreasing levels of turbidity. Gypsum at the rate of 14 75 kg/ha in combination with polyacrylamides was more effective than applied alone.
15
The 2 lower molecular weight polyacrylamides (AN910BPM and AN956BPM) were 16 more effective than the 2 higher molecular weight polyacrylamides (AN910SH and 17 AN956SH). In terms of charge density, AN956SH appears to be more effective than 18 AN910SH, however there seems no difference between AN956BPM and AN910BPM.
19
The application rate of 5 kg/ha of polyacrylamides was not different compared to 2.5 20 kg/ha in reducing the turbidity of water. However, when polyacrylamides were 21 combined with 75 kg/ha of gypsum, the application rate of 5 kg/ha seems more effective 22 than 2.5 kg/ha. The results from turbidity experiment 3 indicated that high turbidity level in 27 untreated soil (control) was progressively reduced by increasing amounts of gypsum.
28
Gypsum at the rate of 100 kg/ha reduced the turbidity below the threshold level (170 29 NTU) required for successful rice seedling establishment (Fig. 2) were used with gypsum and therefore used in subsequent infiltration experiment 2.
5 6
(Insert Fig. 3 here)
Effect of polyacrylamides and gypsum on water infiltration rates
The results from infiltration experiment 1 indicated that the time taken for the 11 wetting front to reach a depth of 25 cm in the soil column was significantly (P<0.01) 12 faster for gypsum application at the rate of 1000 kg/ha compared to the other treatments 13 (Fig. 4) . However, when data for gypsum 1000 kg/ha treatment were discarded, there 14 were no significant differences among the other treatments for this parameter. The 15 initial rate of wetting front movement through the soil column was faster for all 16 treatments than that in the control (Fig. 5 ). After about 25 hours, the rate of wetting 17 front movement for gypsum at 25 kg/ha, polyacrylamide and polyacrylamide plus 18 gypsum treatments became almost equal to that in the control. The potential use of polyacrylamide applied with irrigation water to control rice 28 water turbidity problems has also been demonstrated from turbidity experiment 3.
29
Three polyacrylamide products have been identified as effective in achieving the above.
30
It has been demonstrated that polyacrylamide at the rate of 5 kg/ha combined with 31 gypsum at the rate of 25 kg/ha was an effective method to control water turbidity.
32
Infiltration experiment 2 has confirmed that these treatments do not affect infiltration or 33 percolation of water through the soil. The important polyacrylamide characteristics that affect their adsorption on to 23 clay particles are molecular weight, electrostatic charge and charge density. The results 24 of this study have shown that higher molecular weight polyacrylamides were more 25 effective than lower molecular ones. DeBoodt (1972) has demonstrated that the greater 26 the chain length, the more effective was the soil conditioning. However, the charge 27 type and density can mask the effect of molecular weight as noted in this study. The results of this study have demonstrated that anionic polyacrylamides with 7 high charge density were more effective than low charge density ones. The negative 8 charges along the molecule cause the chain to stretch out (Letey 1994).
9
Polyacrylamides with low charge would tend to form a coil rather than a chain. On the 10 other hand, the extended chain of polyacrylamides with high charge density would 11 possibly enable more adsorption to clay particles. 
